Introduction
The neurobiology of REM sleep and the characteristic features of REM atonia have an important basis for understanding the aggravating etiologies and the proposed pharmacological interventions in its management. Cholinergic systems activate reticular formation neurons in a positive-feedback interaction to produce the onset of REM. REM is terminated by the inhibitory activity of REM off aminergic neurons, which become active at the end of a REM period due to the recruitment by REM on activity. REM off neuronal activity decreases in SWS and becomes minimal at the onset of REM sleep due to self-inhibitory feedback and adenosinergic inhibition. REM
Materials and Methods
PubMed databases were reviewed upto May 2013 in peer reviewed scientific literature regarding the pathophysiology and management of RBD in adults. The search was limited to articles published in English Associations with neurological disorders such as Parkinson's disease (PD), narcolepsy, and multisystem atrophy were investigated along with non-motor manifestations such as cognitive, autonomic and cardiac, and sleep apnea.
In reviewing the literature in management of RBD, evidence was graded according to the Oxford centre of evidence-based Annals of Indian Academy of Neurology, January-March 2015, Vol 18, Issue 1 on GABAergic input may inhibit REM off Dorsal Raphe activity during sleep. Cessation of discharge of aminergic neurons during Non-rapid eye movement (NREM)-REM sleep transitions lead to disinhibition of laterodorsal tegmentum/ pedunculopontine (LDT/PPT) neurons. [1] The PSG electroencephalogram (EEG) characteristics of REM sleep observed are a manifestation of the ascending cholinergic activation that promotes EEG desynchrony. The descending cholinergic projections produced muscle atonia via activation of neurons in the pontine reticular formation (PRF) and ventral medial medulla, which in turn project into the spinal cord. [1] Glycine is the prominent inhibitory neurotransmitter that inhibits the spinal motor neuron and thus produces the muscle atonia that is characteristic of REM sleep.
Orexin provides the stability to NREM/REM flip-flop mechanism, and loss of these hypocretin/orexin neurons can manifest as hypersomnia with REM intrusions as seen in narcolepsy.
RBD may be a precursor to synucleionopathies such as PD (15-33%) as well as other neurodegenerative disorders such as multiple system atrophy (70%), dementia with Lewy bodies (40%) and Spinocerebellar Ataxias 2 and 3 when followed longitudinally for upto 10-29 years. RBD has also been reported to have an increased incidence in one-third of patients with narcolepsy. [2] 
RBD and Falls
Patients with RBD are at risk for sleep-related injury (SRI), injuring themselves or their spouses with aggressive behavior during sleep, often during attempted dream enactment. Studies show about 33-65% of RBD patients have been reported to have had SRI to self or bed partner. About 30-81% was the reported sleep clinic prevalence of SRI in diagnosed RBD patients. [5] [6] [7] [8] In a series of 92 patients, 64% of the bed partners (53 of 83) sustained punches, kicks, attempted strangulation, and assault with objects. [5] In comparison, a community sample of 1034 elderly surveyed in Hong Kong, 0.8% reported SRI. [9] Falls prevention: Role of behavioral intervention Despite apparent unconsciousness, the brain is readily responsive to the environment during REM sleep. Complex auditory sound processing, similar to wakefulness, occurs during REM sleep, and there is a lower threshold for reversibility to wakefulness with auditory stimuli compared to NREM. [10] Further, it has been demonstrated that dream mentation can be altered by verbal stimulation. Anecdotal expert consensus exists on intervention measures to prevent falls in RBD including placing a mattress on the floor, padding corners of furniture, window protection, and removing potentially dangerous objects from the bedroom.
A customized bed alarm pacifying patients with a calming phrase prevented falls in 4 medically refractory RBD patients during vigorous dream enactment behavior. Pre-treatment: 5 serious events, 80 minor events, and 193 near events were observed in over 66 patient-months (4.21events/pt-mo). Post-treatment improvement was noted after a follow up period of 63 pt-months with a marked reduction in events (0.05 event/pt-mo). [11] The study has been summarized in Table 1 .
Fall prevention: Role of pharmacological intervention
In a case study of 71 patients from Hong Kong, the rate of SRI that included ecchymoses, lacerations, fractures, and subdural hematomas following treatment with clonazepam (CNZP) decreased from 80.8% pre-treatment to 5.6% post-treatment in 62 patients. [7] In a survey-based study (n = 45), 25 patients received melatonin, 18 were administered CNZP, and two received both as initial treatment. Before treatment, 27 patients (60%) reported an RBDassociated injury. Median dosages were 6 mg for melatonin and 0.5 mg for CNZP. RBD visual analog scale (VAS) ratings were significantly improved following both treatments. Melatonintreated patients reported less frequent adverse effects than those treated with CNZP [12] [ Table 2 ].
Pharmacotherapy of REM Behavior Disorder
CNZP Meta-analysis of 22 studies included 16 case series, [5] [6] [7] 9, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] six case reports, [25] [26] [27] [28] [29] [30] and one community [9] sample with a total of 339 subjects, of whom 306 were noted to have complete (249) or partial (57) treatment response to CNZP. The clinical efficacy noted was 80% at Minnesota Regional Sleep Disorders Center. [33] The dosage ranged 0.25-4.0 mg administered 30 minutes prior to bedtime. [8] Women tended to require higher dosage than men. [8] Sustained CNZP efficacy in 89.5% of 57 treated patients. No dose escalation was reported. [7] CNZP also decreased the occurrence of SRI caused by RBD.
CNZP: Video-polysomnographic study Polysomnography (PSG) variables on patients that were drug-free RBD patients and on CNZP treatment n = 57 patients with 42 untreated iRBD patients, 15 iRBD patients on CNZP (0.5-1 mg) at bedtime. iRBD+Clo patients showed a lower rate of sleep stage shifts, improved sleep efficiency, and lower percentage of wakefulness after sleep onset observed. The CGI scale improved after treatment. No evident common trend was observed for RBD severity scale (RBDSS) or Atonia Index. 
Pharmacological Intervention with CNZP: Level of Evidence B Melatonin
The mechanism of melatonin is unclear; it is suggested that it restores RBD-related desychronization of the circadian rhythms. One case report, [33] two open-label prospective case series, [34, 35] two retrospective case series [36] (n = 38). Dose: 3-12 mg at bedtime. PSG showed statistically significant decrease in number of R epochs without atonia [36, 37] and in movement time in R. [36] Successfully treated patients included those with synucleinopathies including DLB, PD, and MSA memory problems and sleep-disordered breathing. [34, 36] Side effects include morning headache, sleepiness, and delusions/ hallucinations.
Pharmacological Intervention with Melatonin: Level of Evidence B Pramipexole
Pramipexole has been studied in the management of RBD in three case studies, two retrospective cohorts with PSG variables including 113 subjects [37] [38] [39] [40] [41] with and without synucleinopathies. In a study of eight patients with idiopathic RBD, five patients reported a sustained reduction in the frequency or intensity of sleep motor behaviors, which was confirmed by video recording, although no change was observed for the percentage of phasic electromyographic (EMG) activity during REM sleep. [37] In another study, 10 consecutive patients, 89% of patients experienced either a moderate reduction or complete resolution in the frequency of RBD symptoms throughout the duration of the study. Moreover, 67% reported at least a moderate reduction in the severity of remaining symptoms. [38] In another study, 11 subjects with untreated RBD on levodopa (L-dopa) monotherapy improved PD but did not modify RBDrelated symptoms and objective video PSG abnormalities. [39] In 98 patients with RBD (pramipexole or CNZP), pramipexole was efficacious in 61.7% (50 of 81). The ratio of REM sleep without atonia (RWA)/REM was associated with pramipexole effectiveness. The cut-off rate of RWA/REM for predicting pramipexole effectiveness was estimated as 16.8%. Pramipexole + CNZP showed higher RWA/REM and frequency of vocalization, concluding that pramipexole may play a role in mild iRBD cases with a lower rate of RWA. [40] Fourteen patients with RBD (80.0%) achieved symptomatic improvement of RBD with pramipexole treatment, which reduced REM density and PLM index during non-REM sleep despite the unchanged amount of RWA. The rate of change in RBD symptoms correlated positively with the rate of REM density reduction. Significant reduction of the PLM index was observed in NREM sleep but not in REM sleep. Pramipexole can improve RBD symptoms, possibly because of changes in dream contents or its amount manifested as the reduction of REM density. [41] Pharmacological Intervention with Pramipexole: Level of Evidence C
L-Dopa

Limited and Conflicting level 4 Data
PSG showed a statistically significant increase in tonic and phasic chin EMG activity in the group as a whole. The data overall suggest a limited role for L-DOPA in the treatment of RBD at this time. [2] Acetylcholinesterase Inhibitors RBD may be due to disruption in R-related cholinergic systems [42] associated with sleep disruption, vivid dreams, and sleep-related disruptive behaviors. [20, 43] Reviewed two papers, six cases, four were associated with neurodegenerative disorders.
Result: Four patients responded at doses between 10 mg and 15 mg, [20, 44] and two patients failed to respond to donepezil.
Pharmacological Intervention with Acetylcholinesterase Inhibitors: Level of Evidence C Rivastigmine
A double-blind, crossover pilot trial was conducted on 12 patients with PD. Dose of 4.6 mg/24 hours for 3 weeks was administered. Side effects: Peripheral cholinergic action.
[45]
Other medications
The following medications were considered for treatment of RBD with limited evidence: Zopiclone, benzodiazepines other than CNZP, Yi-Gan San, desipramine, clozapine, carbamazepine, and sodium oxybate [2] [ Table 3 ].
REM-related cardiorespiratory activation is altered in subjects with RBD
Normally observed NREM-to-REM-sleep cardiac excitatory response and parasympathetic withdrawal are absent in patients with idiopathic RBD and symptoms of clinical dysautonomia were more frequent in subjects with idiopathic RBD as compared with age-matched controls. Reduced cardiac uptake of 123I-MIBG (a noradrenaline analog) was observed in subjects with idiopathic RBD. [46] Relationship between RBD, OSA and medication RBD might protect against obstructive sleep apnea. Loss of atonia in skeletal muscle in RBD patients could lead to lower severity of OSA with shorter apneas and hypopneas; serotonergic enhancers such as paroxetine, mirtazapine, and glycinergic antagonists could alleviate the severity of OSA by increasing EMG activity. [47]
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Modulation of EEG with Long-term use of CNZP
With 46 participants, 15 had siRBD, 13 had narcolepsy/RBD, and 18 were normal controls. RBDSS was obtained, and atonia index was computed. NREM sleep instability was evaluated using an automatic quantitative analysis. Patients with iRBD were reevaluated after 2.75 ± 1.62 years. CNZP modifies NREM sleep in iRBD participants with a decrease in its instability. Wakefulness after sleep onset was decreased together with an increase in both slow-wave sleep (SWS) and sleep stage 2; chin tone was not modified by CNZP. REM atonia index reduced in iRBD participants and reduced in narcolepsy/RBD participants. [48] Medications aggravating RBD A recent study, (n = 48) [49] showed an increased risk ratio of being on antidepressants for patients with early-onset RBD effect of SSRI medications on motor tone in R [50] demonstrated that SSRI medications can induce RSWA. β-blockers have also been noted to cause RBD. [51] RBD may be observed in association with R rebound states such as alcohol and barbiturate withdrawal. [52] Summary RBD allows an unprecedented opportunity for early and preclinical symptomatic evaluation of patients, as a majority may transition into clinically neurodegenerative disease. Evidence for behavioral and therapeutic measures along with evidence-based guidelines for their implementation has been discussed as well as the clinical impact of autonomic and cognitive impact of this entity. RBD provides a unique platform with its high risk of disease conversion with a sufficiently long latency providing an opportunity for early intervention both to prevent consequences such as falls and provide a base for intervention with neuroprotective mechanisms. [53] 
